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Abstract: A review of world literature was conducted in the databases Scopus, Web of Science, MedLine, Cochrane CENTRAL, Cochrane
Database of Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effectiveness (DARE), EMBASE, Global Health, CyberLeninka,
RSCI on the problem of the effect of combined oral contraceptives (COCs) and hormone therapy during assisted reproductive technologies
on the function of the hemostatic system in non-pregnant and pregnant women. The scientific concept of this work is different in that we
have summarized and analyzed information on the effect of sex hormones entering the woman’s body from the outside on individual links
and the hemostatic system as a whole, determined the relationship between drug administration and thrombotic complications, optimized
the sequence of diagnosis of conditions predisposing to thrombosis. The scientific novelty of this work is that we have compared the
effects of COCs and hormonal changes during pregnancy on the hemostatic system and found that changes in the hemostatic system in
women taking COCs are similar to those that occur during pregnancy.
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Physiological effects of estrogen and progesterone on the
hemostatic system

From the moment the first combined oral contraceptives
(COCs) appeared to date, thrombotic complications have been on
the first place in the list of side effects of this group of drugs. Most
often, deep vein thrombosis of the lower extremities (65%),
iliofemoral thrombosis (35%), pulmonary embolism (9%) occur [1].
All these years, studies have been conducted to determine the
effect of COCs on the hemostatic system and their role in the
pathogenesis of iatrogenic complications associated with impaired
blood coagulation.

The scientific novelty of this work is that we have compared
the effects of COCs and hormonal changes during pregnancy on
the hemostatic system and found that changes in the hemostatic
system in women taking COCs are similar to those that occur
during pregnancy. There are currently no modern review
publications precisely affecting this significantly important topic.

The scientific concept of this work is different in that we have
summarized and analyzed information on the effect of sex
hormones entering the woman’s body from the outside on
individual links and the hemostatic system as a whole, determined
the relationship between drug administration and thrombotic
complications, optimized the sequence of diagnosis of conditions
predisposing to thrombosis.

It has been established that estrogens, depending on the dose,
increase the concentration and activity of I, Il, VII, X and XlI
coagulation factors, lower the level of antithrombin Il (AT lll) — a
natural anticoagulant [1]. Also, different drugs of the progesterone
group have an effect on hemostasis [2].

A large study in 2009 showed a five-fold increase in the risk of
venous thrombosis in women taking COCs compared with women
not taking COCs (control group). The risk varied depending on the
type of progestogen: the use of COCs containing levonorgestrel
(LNG) resulted in a four-fold increase in the risk of venous
thrombosis compared to the control group; for COCs containing
gestoden, the risk was 5.6 times higher, desogestrel — 7.3 times,
cyproterone acetate — 6.8 times, drospirenone (DRSP) — 6.3 times
compared with the control group. The risk of venous thrombosis
was also associated with a dose of estrogen [3,4].

The historical nationwide register-based cohort study in the
United States for 10 years assessed the risk of venous
thromboembolism (VTE) when using COCs depending on the type
of progestogen and estrogen dose in 4246 women. The incidence
of VTE in the control group was 3.7 per 10,000 women per year.
The risk of VTE in women taking COCs with LNG + 30 pg
ethinylestradiol (EE) was 2.19, with LNG + 30-40 pg EE — 2.28. The
risk of VTE when taking COC with 30 pg EE + desogestrel was 4.21,
with 30 ug EE + gestoden — 4.23, with 30 pug EE + DRSP — 4.47.
Corresponding estimates of COCs with 20 pg EE + the same
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progestogens were 3.26, 3.50 and 4.84. Only drugs containing pure
progestogens did not increase the risk of VTE, regardless of
whether they were taken as tablets with a low dose of
norethisterone, or tablets with desogestrel, or in the form of
hormonal releasing systems [5,6].

In a German case-control study, the risks of VTE were
evaluated using a new generation of COCs with DRSP and
dienogest (DNG). Among 60,000 European women taking COCs
with DRSP, there was no evidence of an increased risk of VTE
compared with women taking LNG [7]. In another large cohort
study involving 67,000 women, no evidence of an increased risk of
VTE was found among women taking COCs with DRSP, compared
with women taking COCs with other progestogens, including LNG.
Next, 680 cases of VTE and a comparison with 2720 women from
the control group were analyzed. The study confirmed an
increased risk of thromboembolic complications in women taking
COCs [8]. Comparison of DNG / EE and DRSP / EE with other low-
dose COCs, including LNG / EE, showed no increased risk of VTE for
drugs containing DNG and DRSP.

Hormonal contraceptives have gone a long evolutionary path,
as a result of which the dose of estrogen has decreased and the
quality of gestagens in the composition of COCs has improved.
Thus, the number of cases of thrombotic complications while
taking COCs has significantly decreased, but still remains the
number 1 problem in this field of medicine.

Changes in the hemostatic system while taking COC

It has now been established that the most important cause of
thrombotic complications is the initial, sometimes hidden,
disorders of the hemostatic system, predisposing to increased
blood coagulation and thrombosis. COCs, even with a low content
of estrogen component, can be dangerous in conditions of genetic
or acquired thrombophilia, circulation of antiphospholipid
antibodies, hyperhomocysteinemia. Unfortunately, so far, these
important risk factors are not always taken into account when
prescribing this method of contraception.

It is known that women with various forms of thrombophilia
are more likely to experience various complications of pregnancy
(anembryonia, early and late miscarriages, premature detachment
of a normally located placenta, preeclampsia, VTE). Considering
the unidirectional effect of COCs and genetic thrombophilia on the
hemostatic system, it is COCs in many situations that are a trigger
factor in the development of thrombotic complications in case of
already existing imbalances in the pro- and anticoagulant
mechanisms.

That is why one of the main stages of the examination of
patients is: conducting special studies in the presence of
thrombosis in the history of taking COC, as well as possible
changes in thrombotic hemostasis in the absence of clinical
manifestations, determining the relationship between COC taking
and the state of the hemostatic system and predicting possible
pregnancy complications.

Recent data on hereditary and acquired forms of
thrombophilia have made it possible to rethink the causes and
pathogenetic mechanisms of thrombotic complications, including
during the use of COCs. Thrombophilia — hereditary or acquired
defects in the hemostatic system, predisposing to increased blood
clotting and thrombosis. Mutations and polymorphisms of genes
differ in prevalence in the population, mechanisms and degree of
influence on the blood coagulation system [9].

The most common in the population are polymorphisms of the
plasminogen activator inhibitor type 1 (PAI-1) — 26% in the
homozygous and 50% in the heterozygous version, factor |
fibrinogen (7%) and factor XlI [10,11]. Further prevalence is
followed by folate cycle gene mutations (MTHFR C677T, MTAC,
MTTR, MTR) and platelet unit of the hemostatic system [12]. The
mutation of factor V Leiden is relatively rare, but extremely
important: it increases the risk of thrombosis in heterozygous
carriers by 3-8 times, in homozygous carriers, by 50-80 times in
comparison with the general population [13]. When taking COCs,
the risk of VTE increases by 35-40 in heterozygotes and by 80-100
times in homozygotes compared to healthy women who do not
use COCs [14]. It should be remembered about the often-
encountered combined forms of thrombophilia: a combination of
acquired (antiphospholipid syndrome) and genetic / multigenic
forms [15].

Thus, most mutations and polymorphisms of hemostatic
system genes may not occur spontaneously throughout life. Often,
a combination of several mutations or additional risk factors for
thrombotic complications (taking COCs, pregnancy, surgical
interventions, trauma, prolonged immobilization, smoking,
infectious and oncological diseases, etc.) can provoke a
manifestation of the disease. It is noteworthy that in women with
thrombotic complications during the first months of taking COCs,
hereditary hemostatic disorders are much more often detected
than in women with thrombotic complications with a longer
intake.

It is necessary to consider the effect of COCs on individual
parts of the hemostatic system.

COCs affect platelet function, leading to their hyperactivity,
the degree of which depends on the duration of the drug. Markers
of platelet reactions increase in blood plasma: P-thromboglobulin
(P-TG), 4-antiheparin platelet factor (PF4), platelet factor 3 (PF3)
and thromboxane A2 (TxA2). Many authors believe that in the
process of taking COCs, moderate platelet activation is observed
that does not require additional therapy, but taking these drugs
for more than 9 months leads to progression of platelet
aggregation due to the initiation of blood coagulation through the
platelet link [16]. Platelet reactions are the first sign of activation
of the hemostatic system, and in the presence of a genetic or
acquired form of thrombophilia, the patient may initially have
platelet hyperaggregation before taking COCs.

When prescribing COCs, the aggregation and functional activity
of platelets should be checked initially and in dynamics at intervals
of 2-3 months. If initially the aggregation parameters are normal,
then there are no contraindications for the appointment of COCs
on this side. If platelet hyperaggregation develops while taking
COCs, it is necessary to prescribe antiplatelet agents for the entire
period of contraception with mandatory dynamic control.

A persistent increase in the level of PAI-1 and, consequently, a
decrease in the concentration of tissue plasminogen activator
(tPA) and plasminogen indicate the effect of COCs on the process
of fibrinolysis. At the initial normal concentration of PAI-1 in the
blood, by the third month of taking COCs, an increase in its level by
2-3 times is observed, and by the 9th month the maximum values
of PAI-1 are recorded [10]. Changes in the fibrinolysis system are
also indicated by an increase in the concentration of fibrin
degradation products (FDP) — D-dimer and plasmin-antiplasmin
(PAP) complexes [17]. Thus, in the presence of a genetic defect in
the fibrinolysis system (the presence of PAI-1 polymorphism) with
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an initial increase in the level of PAI-1 in the blood to 25%, taking
COC significantly increases the risk of thrombotic complications.

When taking COCs, an increase in the activity of most blood
procoagulants is observed, including fibrinogen, vitamin K-
dependent coagulation factors: prothrombin, VII, IX, X, XII factors.
The degree of increase in the content of these factors directly
depends on the dose of estrogen in the drug, and their isolated
increase indicates the presence of hypercoagulation in the
absence of signs of activation of intravascular coagulation and
thrombosis [18].

With prolonged use of COCs, a decrease in the concentration
of natural blood anticoagulants is observed: protein C, protein S,
AT lll. It was found that by the 3rd month of taking COCs their level
does not change significantly, but by the 9th month there is a
significant decrease in the anticoagulant components of the
hemostasis system [19]. In addition, women taking COCs show a
decrease in sensitivity to activated protein C. The degree of
acquired resistance to activated protein C (APC-R) is similar to that
in the presence of a heterozygous form of Leiden factor V
mutation. But unlike genetically determined APC-R, acquired APC-
R is not detected after discontinuation of this category of drugs. It
is believed that the degree of APC-R in women with a
heterozygous form of Leiden factor V mutation taking COCs is
similar to that for homozygous factor V Leiden mutation [20].

Thus, in the case of taking COCs and the presence of
congenital defects of the hemostatic system, and especially
combined forms of thrombophilia, there is a unidirectional effect
on the hemostatic system, therefore COCs in many cases are a
trigger factor for the development of thrombotic complications in
case of existing imbalances in the pro- and anticoagulant
mechanisms.

Nevertheless, the severity of changes in the hemostatic system
caused by COCs directly depends on the concentration of estrogen
and progestogen components in the drug. A correlation of the risk
of thrombotic complications with the concentration of EE in the
drug was detected immediately after the first high-dose COCs
entered the market. Subsequently, as a result of reducing the dose
of estrogen by 5 times, the risk of thrombosis decreased by 4
times. Further, for many years scientists studied the effects of
different gestagen components in the composition of COCs on the
hemostatic system [21].

In women taking COCs before pregnancy, the majority of
complications occur in the | trimester: non-developing pregnancy
for a period of 5 to 7 weeks in 75%, of which 40% are
anembryonia, an undeveloped pregnancy from 8 to 12 weeks — in
10%, spontaneous miscarriage from 5 up to 12 weeks —in 15%. In
the Il trimester, spontaneous miscarriage after 12 weeks is 5%,
non-developing pregnancy after 12 weeks — 10%. In the Il
trimester, late complications develop: antenatal fetal death (15%),
preeclampsia (5%), placental insufficiency (5%), intrauterine
growth retardation (2.5%). The majority of women with such
pregnancy complications after taking COCs during the examination
show congenital and / or acquired thrombophilia with the same
frequency as in the population [22].

Thus, before the appointment of COCs, it is necessary to
diagnose genetic and acquired forms of thrombophilia, as well as a
detailed clarification of the family and personal thrombotic and
obstetric history in order to identify women at risk of thrombotic
complications. Considering the effect of COC administration on
individual parts of the hemostasis system and coagulation

background in general in healthy women, constant monitoring of
the parameters of the hemostasis system is necessary both before
the appointment of COCs and in the process of taking them. When
planning pregnancy, you should stop taking COCs for 2-3 months.

Considering the effect of COC administration on individual
parts of the hemostasis system and coagulation background in
general in healthy women, constant monitoring of the parameters
of the hemostasis system is necessary both before the
appointment of COCs and in the process of taking them.

When prescribing hormonal contraceptive drugs, especially for
women at risk of thrombotic complications, it is necessary to
choose drugs that have the least effect on the hemostasis system.
Constant dynamic monitoring of the indicators of the main links of
the hemostasis system is recommended, depending on the
identified mutations in the presence of thrombophilia in patients.

Women with family history and personal thrombotic history,
as well as obstetric history, are not recommended to take COCs. If
there are indications for taking COCs, dynamic monitoring of the
parameters of the hemostatic system should be carried out and, if
a prothrombotic condition is detected, anticoagulant therapy
should be recommended. When planning pregnancy, you should
stop taking COCs for 2-3 months.

Pregravid preparation should be carried out within 2-3 months
before pregnancy. Activation of the hemostasis system during the
COC flow test is an indication for prophylactic complex
antithrombotic therapy with low molecular weight heparins,
antiplatelet agents (if indicated), omega-3 polyunsaturated fatty
acids, folic acid, magnesium and B vitamins [23].

Features of the hemostatic system during physiological
pregnancy and with hormonal support

During pregnancy, the rheology of blood and its coagulation
properties change significantly, which is due to hormonal changes
in the body of a woman. Pregnancy affects the regulation of blood
coagulation mainly due to an increase in estrogen levels, which
leads to an increase in thrombin production and an increase in
blood coagulation. The risk of deep vein thrombosis during
pregnancy is 5 times higher than in non-pregnant women; this is
due to an increase in venous stasis in the lower limbs and pelvic
organs, as well as a prothrombotic change in the balance between
the coagulation and fibrinolytic systems. It is believed that a
change in the coagulation properties of blood plays a major role in
maintaining adequate blood flow in the mother-placenta-fetus
system and helps to reduce blood loss during childbirth.

Laboratory investigations of primary hemostasis include
evaluating the level of von Willebrand factor (WF), platelet count,
bleeding time, and platelet aggregation in vitro. Standard
screening for secondary hemostasis includes the determination of
prothrombin time (PT), activated partial thromboplastin time
(APTT), partial thromboplastin time (PTT), and fibrinogen level.
Fibrinolytic activity is judged by the level of fibrin / fibrinogen
degradation products, primarily D-dimer [24].

In healthy pregnant women, there is a tendency to
hypercoagulation due to an increase in the synthesis of WF, V, VII,
VIIl, IX, X factors, an increase in the level of fibrinogen and
activation of thrombin, and a decrease in protein S. There is
evidence of an increase in the level of coagulation factor activation
markers during pregnancy, however there is no evidence that an
increase in the concentration of coagulation activation markers
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precedes thrombotic complications in healthy pregnant women
[25].

It has been shown that changes in the concentration of
coagulation factors during pregnancy are similar to those that
occur in women using COCs. This confirms the relationship
between sex hormones and the hemostatic system [26].

The onset of pregnancy resulting from the implementation of
the in vitro fertilization (IVF) and embryo transfer (ET) program is
characterized by hormonal imbalance, which is caused by
exogenous drug loading used in the ovulation stimulation protocol
and support in early pregnancy. As a result, all the initial processes
of adaptation of the mother's body and the formation of the
fetoplacental system occur against the background of non-
physiological concentrations of estrogen and progesterone.

The frequency of venous thrombosis during the
implementation of the IVF-ET program, according to various
estimates, is 0.08-0.11% of all treatment cycles. The magnitude of
this risk is similar to the magnitude of the risk of venous
thrombosis during pregnancy and represents at least a 10-fold
increase in the underlying risk of venous thromboembolic events
in women of reproductive age [27].

Investigations of the hemostatic system performed in groups
of patients with controlled stimulation of ovulation in IVF-ET
programs showed that with an increase in the concentration of
estradiol in the blood, levels of procoagulant factors (fibrinogen,
WF, factors VIII, V) increase and platelet count decreases,
antithrombin, proteins C and S activity decrease, APC-R increases
and the level of fibrinolysis factors tPA, PAI-1 decreases [28].

PT, PTT, and APTT tend to decrease with increasing gestational
age. PT and APTT reach their minimum values at 21-27 weeks of
gestation, while PTT reach their minimum values at 28-34 weeks.
Evaluation of PT, APTT and PTT showed that changes in pregnancy
dynamics as a result of using IVF-ET programs are identical to
changes in spontaneous pregnancy [28].

Normal pregnancy as a hypercoagulable state is associated
with an increase in the level of various coagulation factors,
including WF and fibrinogen, as well as with an increase in the
synthesis and activity of thrombin. The level of fibrinogen
increases by the 20th week of spontaneous pregnancy, exceeding
the initial level by 1.6 times by the end of pregnancy. The increase
in WF level by the end of the | trimester reaches 46%, and by
childbirth — 150%. As with spontaneous pregnancy, in patients
with pregnancy after IVF-ET, there is an increase in the level of WF
and fibrinogen in blood plasma in the dynamics of the gestational
process. However, the severity of these changes varies. In the |
trimester of IVF pregnancy, the level of both factors is significantly
higher than with spontaneous pregnancy at the same time: the
level of fibrinogen is 1.2-1.3 times higher, WF — 1.4 times. This is
probably a consequence of the increased level of sex hormones in
the | trimester in patients with IVF pregnancy. Despite the fact that
the absolute average values of fibrinogen during IVF pregnancy at
21-34 weeks of gestation remain at a higher level than during
spontaneous pregnancy, they do not go beyond the reference
intervals [29].

The concentration of D-dimer continuously increases
throughout pregnancy and reaches maximum values (up to 2.1-2.3
pg/ml) in the Ill trimester. In pregnancy after IVF-ET, the maximum
values exceeding the initial level by 6 times are observed already
in the first weeks of pregnancy, but after 20 weeks and until birth,

the level of D-dimer is comparable to that in spontaneous
pregnancy [30].

Values of AT Il and protein C are lower than in non-pregnant
women and remain stable throughout pregnancy. The dynamics of
changes in the level of AT Il in IVF patients coincides with that in
spontaneous pregnancy [30].

Conclusion

The scientific concept of this work is different in that we have
summarized and analyzed information on the effect of sex
hormones entering the woman’s body from the outside on
individual links and the hemostatic system as a whole, determined
the relationship between drug administration and thrombotic
complications, optimized the sequence of diagnosis of conditions
predisposing to thrombosis.

The scientific novelty of this work is that we have compared
the effects of COCs and hormonal changes during pregnancy on
the hemostatic system and found that changes in the hemostatic
system in women taking COCs are similar to those that occur
during pregnancy. So according to the literature, the features of
the hemostatic system in patients taking COCs correspond to
those in the physiological course of pregnancy. Comparison of the
dynamics of the main laboratory indices of spontaneous
pregnancy and pregnancy resulting from the implementation of
the IVF-PE program shows the absence of significant differences
that would require the development of a specific algorithm for
monitoring uncomplicated induced pregnancy.
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